The D W F E L electron linac is designed to produce sub-picosecond, high brighness electron bunches to drive an ultraviolet FEL. The accelerator consists of a 1.6 cell S-band photoinjector, variable pulse length Ti:Sapp laser, 4 SLAC-type S-band accelerating sections, and 4-dipole chicane bunch compressor. In preparation for FEL operation, the compressed electron beam has been fully characterized. Measurement of the beam parameters and simulation of the beam are presented.
PHOTOINJECTOR
The properties of the laser and photoinjector are summarized in Table 1 . In typical running, 10 mJ of IR light is produced by the Spectraphyics Tsunami Ti:Sapphire oscillator and TSA5O amplifier, which is frequency tripled to produce 450 UJ of UV light. After spatial filtering and aperturing of the gaussian mode to produce a nearly uniform laser spot, about 200-300 uJ is delivered to the cathode. This produces 300 pC of charge at the accelerating phase of 30 degrees. The RF cavity is a Gun IV [ l ] with copper cathode that has been modified for better performance [2] . In principle, the laser pulse length may be adjusted from 100 fs to 10 ps, however there are practical limitations on the range of adjustment due to dispersion characteristics and efficiency of the BBO crystals. The thickness of the harmonic crystals is optimized for pulse lengths from 1-5 ps. Within this range of pulse lengths there is evidence [3] of variations in the time profile of the UV light that are sensitive to the phase-matching angle of the crystal.
LINAC
The linac consists of 4 SLAC S-band traveling wave sections with a maximum energy of 210 MeV. There is a four-magnet chicane [4] Figure 1 shows the evolution of beam size along the linac. The left edge of the figure is at the exit of tank 2, and the right edge is after the first 70 degree dipole. To perform this measurement, the beam size is measured at 6 points. An optimization using the MAD simulation code is then performed using the measured beam sizes as constraints, and varying the input Twiss parameters. The quadrupole strengths and linac settings are held fixed according to the measured values.
The emittance calculated from this method generally agrees well with the emittance found from quadrupole scans performed at several locations. However, the optimization method appears more robust for accurate predictions of the lattice function beta and its derivative.
COMPRESSED BEAM PARAMETERS
The beam parameters vs bunch compression are shown in Fig 3. The parameters are plotted vs phase of tank 2, which creates the energy chirp for compression in the chicane. Zero phase corresponds to on-crest acceleration and no compression. Maximum compression occurs near 35 degrees off crest. At maximum compression the nominal beam parameters are peak current = 600 A, RMS normalized emittances of 5.6 mm-mrad horizontal and 5.0 mm-mrad vertical. The error bars on the current and bunch length measurements are the standard deviation of approximately 10 measurements performed in succession. The emittance error bars are derived from the variation in beam sizes during quadrupole scans.
The emittance continues to increase as the bunch overcompresses and stretches. This is most likely due to generation of strong coherent synchrotron radiation in chicane magnets 2 and 3 where the bunchlength is minimum.
SLICE EMITTANCE MEASUREMENT
The RF-zero phasing bunch length measurement [3, 5] images the beam onto a scintillating screen in a dispersion region, and the horizontal extent of the beam is dominated by a correlated energy spread that produces the time profile. The slice emittance, and slice dynamics, of the beam can be measured by performing a quadrupole scan during the RF-zero phasing measurement that varies the vertical beam size about a waist. In this measurement. the entire beam image is recorded in a single-shot, then software is used to slice the beam into thin time-slices. This is repeated for different quadrupole settings. The time resolution of the method is determined by the variation in horizontal betatron beam size during the quadrupole scan, and the need to fit the entire beam onto the scintillator (the energy spread must not be made too large). Fig. 4 shows the beam image on the RF-zero phasing screen at 3 different quadrupole settings. It is clear that different time slices of the beam are at different betatron phase advances. This is due to varying space charge and RF forces at low energy (imperfect emittance compensation). For the images shown the time resolution is about 150 fs.
The images were cut into 10 equal width, 500 fs wide slices and each slice analysed. The resulting Twiss parameters of the slices are plotted in Fig. 5 . It is interesting to note that the emittance grows by a factor of two from the head to the tail of the bunch, that the beta function is almost constant, and that alpha has a large symmetric variation about the bunch center. For this measurement the charge was 200 pC, energy = 75
MeV.
